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The Southern Ocean is one of the  
cloudiest places on Earth!  



CMIP3 models with most realistic values of present-day Southern 
Hemisphere net TOA radiation have highest climate sensitivity.  

Trenberth and Fasullo (2010) 

Too much absorbed 
solar radiation over 

Southern Ocean! 

Climate sensitivity of CMIP3 models is closely 
linked to the Southern Ocean! 



Over the late 20th century, 
Southern Hemisphere     

mid-latitude jet has shifted 
poleward during summer 

(DJF) season. 

Global climate models 
indicate that jet shift was 
due, in large part, to the 

development of the 
Antarctic ozone hole.                  

(Gillett & Thompson 2003,Polvani et al. 2011) 
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Large changes in dynamics have occurred and will continue to 
occur over the Southern Ocean. 



 

Over the 21st century, it is 
anticipated that 

increasing greenhouse 
gases will act to shift the 
Southern Hemisphere jet 

poleward during all 
seasons. 

(e.g., Kushner et al. 2001; Yin 2005;      
Barnes and Polvani 2013) 
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Large changes in dynamics have occurred and will continue to 
occur over the Southern Ocean. 



Today’s Questions 

1) Has the recent poleward shift in the Southern 
Hemisphere mid-latitude jet contributed to cloud 
feedbacks? 

 
2) Why are some climate models biased in representing 

this feedback?  And, what are the implications for 
climate sensitivity? 



Are jet shifts associated with a cloud feedback? 



Motivation 

“Observations and most models suggest storm tracks shift poleward in 
a warmer climate …. which causes further positive feedback via a net 

shift in cloud cover to latitudes that receive less sunshine.” 

- Chapter 7, IPCC AR5 

Equator 30º Pole60º

Broadening of the Hadley Cell

Rising of the Melting Level

More Polar Clouds

Poleward Shift of Storms

Less Low Clouds 

Narrowing of Tropical Ocean Rainfall Zones

Rising High Clouds

Rising High Clouds



Evidence from Observed Trends 

•  ISCCP satellite observations 
suggest poleward shift in  
mid-latitude cloud patterns. 
-  Reduction in total cloud cover 
-  Increase in high cloud cover 

-  Positive net radiative effect 

•  Poleward shift in mid-latitude 
cloud bands also apparent in 
surface-based cloud 
observations (Eastman and 
Warren 2013).                  

Annual-mean Total Cloud Fraction 

Bender et al. (2012) 



Are jet shifts associated with a cloud feedback? 

To test this, we examined the response of Southern 
Hemisphere clouds and radiation to stratospheric ozone 

depletion in the NCAR Community Atmosphere Model (CAM3). 

Run Stratospheric Ozone Greenhouse Gases 

REFERENCE Observed 1960 levels Observed 1960 levels 

OZONE HOLE Observed 2000 levels Observed 1960 levels 

-  T42 resolution (2.8° x 2.8°), 26 vertical levels 
-  Coupled to slab ocean and thermodynamic sea ice model 
-  Single forcing time-slice experiments 

Method 1:  Model Experiments (Grise et al. 2013, GRL) 

 



Are jet shifts associated with a cloud feedback? 
Method 1:  Model Experiments (Grise et al. 2013, GRL) 
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Are jet shifts associated with a cloud feedback? 
Method 1:  Model Experiments (Grise et al. 2013, GRL) 

•  When the SH summertime jet 
moves poleward: 
•  High and mid-level clouds 

move poleward with the jet. 
•  Total cloud fraction is reduced 

at SH mid-latitudes. 
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Are jet shifts associated with a cloud feedback? 
Method 1:  Model Experiments (Grise et al. 2013, GRL) 

 

temperature and humidity fields are used as input to the
radiation code, as quantified in appendix B. We assume
a spatially invariant surface emissivity of 0.99, uniform
CO2, CH4, and N2O mixing ratios of 330, 1.6, and 0.28
ppmv, respectively, a standard profile of ozone mixing
ratio, and a solar constant of 1366 W m22. Calculations
are performed over a range of surface albedos and solar
zenith angles, as described below.

The first step in computing an overcast-sky cloud
forcing matrix for any given latitude and month is to
calculate clear-sky TOA LW and SW fluxes using the
Fu–Liou code. ‘‘Clear sky’’ simply means we set liquid
water content and ice water content to zero throughout
the column in the radiative transfer model. Then, at that
same latitude and month, the Fu–Liou code is run re-
peatedly, each time placing a synthetic cloud in the
column with a specified CTP and t (discussed in greater
detail below). For each CTP–t bin, TOA fluxes are
computed separately for four synthetic clouds located at
each corner of the bin. These four TOA fluxes are av-
eraged together to compute one TOA flux value for each
bin, and then subtracted from the clear-sky flux to com-
pute the overcast-sky cloud forcing matrix representing
the impact of each cloud type on the TOA radiative fluxes
relative to clear skies. Sensitivity of our cloud feedback
estimates to the assumed representative cloud properties
of a given bin are quantified in appendix B.

Single-layer clouds are inserted into the atmospheric
column of the radiative transfer model by setting liquid
or ice water content to nonzero values at the level closest
to the specified CTP. Clouds with tops warmer than
263 K are assumed to be liquid, with a liquid water con-
tent in the cloud layer equal to the liquid water path di-
vided by the layer’s geometric thickness. We compute
the liquid water path using t and Eq. (1) of Slingo (1989)
assuming an effective radius of 10 mm. For clouds with
tops colder than 263 K, we compute ice water content
using the parameterization of optical depth per unit
of cloud geometric thickness given in Eq. (3.9a) of Fu
(1996). The generalized effective ice crystal size used in
this computation is determined using Eq. (3.12) of Fu
(1996) with an assumed effective radius of 30 mm.

To accurately capture the diurnal range of incident
solar radiation, SW TOA fluxes with and without clouds
are computed for the zenith angles for each of the 24
hours of a day and then averaged before being differ-
enced. We use the 24 zenith angles appropriate for each
month and latitude, using a day in the middle of each
month. Though our use of zonal mean profiles of tem-
perature and humidity does not allow us to take into
account any longitude dependence that may impact TOA
fluxes, we do account for spatial differences in surface
albedo by performing every calculation three times, at

surface albedos of 0.0, 0.5, and 1.0. This is necessary
because the sensitivity of SW fluxes to changes in cloud
fraction depends strongly on underlying albedo (e.g.,
an increase in cloud fraction over a dark surface will
increase the SW radiation reflected from that grid point
more than will the same increase over a bright surface).
In sum, we generate a matrix of LW and SW overcast-
sky cloud forcings for every latitude and month, and for
three values of surface albedo.

Because the computation of cloud forcing for each bin
of the histogram is performed using a single atmospheric
column with only that cloud type present, the value in
each element of the matrix is the overcast-sky cloud
forcing. Dividing this matrix by 100 expresses the values
in units of W m22 %21. This computed cloud radiative
kernel (K) gives the sensitivity of TOA fluxes (R) to per-
turbations in cloud fraction as functions of CTP and t.

K [
›R

›C
. (1)

As in the case of the standard temperature and water
vapor radiative kernels of Shell et al. (2008) and Soden
et al. (2008), the cloud radiative kernel depends on lat-
itude and month. It is slightly different in that we did not
compute a kernel for each longitude but we did compute
a separate kernel for each of three values of surface
albedo. Additionally, whereas Shell et al. (2008) and
Soden et al. (2008) called the GFDL, CAM, and BMRC
models’ radiation codes 8 times daily at every location
on the planet for each perturbation level and feedback
variable for a 1-yr simulation, we input climatological
zonal and monthly mean thermodynamic profiles av-
eraged across six models into the Fu–Liou code.

Before using the cloud radiative kernels to compute
cloud feedback, they are mapped by linear interpola-
tion from their native latitude–albedo space to latitude–
longitude space using the clear-sky surface albedo at
each location and month in each model’s control cli-
mate. Note that this feature of the kernel technique
implies that some of the intermodel spread in SW cloud
feedback will arise simply from differences in control
climate clear-sky surface albedo across models, but we
find that this is a small effect (see appendix B).

In Fig. 1, we show the global and annual mean cloud
radiative kernels. The LW cloud radiative kernel is pos-
itive for all cloud types, indicating that increases in cloud
fraction result in decreases in outgoing longwave radia-
tion (OLR), and vice versa. The magnitude of the kernel
is sensitive to both t and CTP. For thin clouds (t , 3.6),
OLR is sensitive to changes in both their optical depth
and their vertical distribution, but for clouds with t . 3.6,
the sensitivity of OLR to changes in the optical depth
distribution becomes saturated and OLR is solely
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impacted by changes in the vertical distribution. Con-
versely, the SW cloud radiative kernel is negative for all
cloud types, indicating that increases in cloud fraction
result in increases in SW reflection to space and vice
versa. The impact of cloud fraction changes on SW
fluxes is much greater for thick clouds but does not de-
pend strongly on CTP. The small dependence on CTP
exhibited in the SW cloud radiative kernels is most likely
due to the decreasing attenuation of SW radiation by
above-cloud gaseous absorption with decreasing CTP.

Generally, a shift in the cloud distribution to-
ward higher and thinner categories results in a positive

(warming) impact on net TOA fluxes. However, note
that the largest positive net flux sensitivity is for in-
creases in high cloud fraction for t between 1.3 and 3.6
(see also Fig. 13b of Ackerman et al. 1988). A shift in the
distribution toward lower and thicker clouds makes the
net TOA fluxes more negative because of increased SW
reflection (due to the larger optical depth) and increased
LW emission (due to the lower height).

4. Computation of cloud feedback using cloud
radiative kernels

Multiplying the cloud radiative kernel (K) by the
change in cloud fraction histogram (DC) expressed in
percent gives an estimate of the contribution of each
cloud type to the change in TOA radiation associated
with climate change (in this case, a doubling of CO2):

DR 5 KDC. (2)

For a given grid point and month, DC is multiplied by the
cloud radiative kernel that corresponds to the control
climate’s clear-sky surface albedo for that location and
month. Because the kernel is computed using the atmo-
spheric and surface conditions from the control climate,
the change in TOA fluxes computed in this manner is
due solely to the change in clouds (i.e., no clear sky flux
changes are included), which is the quantity relevant for
cloud feedback. Dividing this response by the change in
global mean surface air temperature (DTs) provides an
estimate of the cloud feedback ( f) due to changes in the
amount of each cloud type:

f 5
DR

DTs

. (3)

Note that f and DR are both functions of CTP, t, latitude,
longitude, and month. Summing f over all cloud types
produces an estimate of the local contribution to the
cloud feedback, which can then be averaged over the
entire planet and over all months to compute the global
and annual mean cloud feedback.1 Unless otherwise

FIG. 1. Global, annual, and ensemble mean (a) LW, (b) SW, and
(c) net cloud radiative kernels. In each model, the kernels have
been mapped to the control climate’s clear-sky surface albedo
distribution before averaging in space; thus, the average kernels are
weighted by the actual global distribution of clear-sky surface
albedo in each model.

1 Hereafter we refer to the radiative perturbations brought
about by cloud changes as cloud feedback, with the implicit as-
sumption that the simulated changes in clouds evolve with the
change in global mean surface temperature. Gregory and Webb
(2008) have provided evidence that a portion of the cloud-induced
radiation response that is typically considered cloud feedback ac-
tually occurs due to very rapid tropospheric adjustment following
a step change in CO2 concentration, and that the portion due to
cloud changes that evolve with temperature (i.e., the true cloud
feedback) may be smaller in magnitude and even opposite in sign.
CFMIP1 data do not permit us to distinguish between these two
types of cloud changes; thus, what we refer to as cloud feedback
may be a combination of these effects.
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Are jet shifts associated with a cloud feedback? 
Method 1:  Model Experiments (Grise et al. 2013, GRL) 

 



Are jet shifts associated with a cloud feedback? 
Method 1:  Model Experiments (Grise et al. 2013, GRL) 

 
Summary of Findings: 

•  Antarctic stratospheric ozone depletion is linked to poleward 
shift in Southern Hemisphere mid-latitude tropospheric jet 
during summer. 

•  Ozone-hole-induced jet shift is associated with poleward shift in 
high clouds and reduction in low clouds across Southern Ocean. 

•  The ozone hole may have a positive net “indirect effect” on 
Earth’s radiation budget through shifts and changes in cloud 
patterns. 



Are jet shifts associated with a cloud feedback? 
Method 2:  Interannual Variability (Grise & Polvani 2014, J. Climate) 

Methodology:  We evaluate the cloud-radiative effect anomalies 
associated with a 1° poleward jet shift.  To do this, we: 
•  Look at interannual variability in CMIP5 pre-industrial control 

runs and historical satellite record. 
•  Focus on December-February season. 
•  Define Southern Hemisphere jet latitude time series using 

850-hPa zonal-mean zonal wind maximum. 
•  Regress cloud-radiative effect anomalies (from seasonally 

varying climatology) onto jet latitude time series. 



Are jet shifts associated with a cloud feedback? 
Method 2:  Interannual Variability (Grise & Polvani 2014, J. Climate) 
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Are jet shifts associated with a cloud feedback? 
Method 2:  Interannual Variability (Grise & Polvani 2014, J. Climate) 
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Are jet shifts associated with a cloud feedback? 
Method 2:  Interannual Variability (Grise & Polvani 2014, J. Climate) 

CMIP5 Models 
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Are jet shifts associated with a cloud feedback? 
Method 2:  Interannual Variability (Grise & Polvani 2014, J. Climate) 

CMIP5 Models 
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Are jet shifts associated with a cloud feedback? 
Method 2:  Interannual Variability (Grise & Polvani 2014, J. Climate) 

CMIP5 Models 
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Are jet shifts associated with a cloud feedback? 
Method 2:  Interannual Variability (Grise & Polvani 2014, J. Climate) 

Summary of Findings: 

•  Cloud-induced radiation anomalies associated with a 
Southern Hemisphere jet shift are highly variable among 
climate models: 
•  Type I models: Strong coupling between SH mid-latitude 

jet and reflection of solar radiation by clouds (as in 
CAM3) 

•  Type II models: Little net shortwave cloud-radiative 
effect associated with a jet shift   

•  The behavior of the type II models is more realistic when 
compared to satellite observations. 



Why are climate models biased in representing 
this effect? 



Are the models biased in the climatology? 
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Understanding the model biases 
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When the jet shifts poleward, downward vertical velocity and 
increased lower tropospheric stability (EIS) anomalies occur 

equatorward of the jet.  
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Grise and Medeiros (submitted) 
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High clouds increase with upward 
vertical velocity anomalies. 

 

 

 

Low clouds increase with downward 
vertical velocity anomalies. 

 

Southern Ocean Observations (ISCCP) 



Grise and Medeiros (submitted) 
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Biases in type I models appear related to overdependence of model 
cloud-radiative effects on vertical motion and underdependence of 

model cloud-radiative effects on lower tropospheric stability. 
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Biases in type I models appear related to overdependence of model 
cloud-radiative effects on vertical motion and underdependence of 

model cloud-radiative effects on lower tropospheric stability. 

Qu et al. (2015) reach similar conclusion for subtropical clouds. 

Observations (CERES) 



What are the implications for climate sensitivity? 
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1)  Significant correlations 
between cloud 
responses equatorward 
of SH mid-latitude jet 
and climate sensitivity 
in type I models. 
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1)  Significant correlations 
between cloud 
responses equatorward 
of SH mid-latitude jet 
and climate sensitivity 
in type I models. 

2)  Correlations also extend 
into the subtropics! 

 



Largest improvements in net radiation and shortwave cloud-radiative 
effect occurred over SH subtropical regions, not Southern Ocean. 

What’s different in CMIP5 models? 
Net TOA Radiation
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1)  Significant correlations 
between cloud 
responses equatorward 
of SH mid-latitude jet 
and climate sensitivity 
in type I models. 

2)  Correlations also extend 
into the subtropics! 

•  Brighter clouds in 
present-day climatology 

•  Greater warming with 
cloud fraction reduction 

 



Implications for Climate Sensitivity 

CMIP3 models with most realistic values of present-day Southern Hemisphere 
net TOA radiation have highest climate sensitivity. (Trenberth & Fasullo 2010) 
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Implications for Climate Sensitivity 

This relationship disappears in CMIP5 models! (Grise et al. 2015) 
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Implications for Climate Sensitivity 

This relationship disappears in CMIP5 models! (Grise et al. 2015) 

The correlations between SH radiation biases and climate sensitivity arise 
primarily from Type I models. 
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Conclusions 



Today’s Questions 

1) Has the recent poleward shift in the Southern 
Hemisphere mid-latitude jet contributed to cloud 
feedbacks? 

 
Many climate models indicate that the poleward shift in 
the jet may have a positive (warming) feedback on 
Earth’s radiative budget through shifts and changes in 
cloud patterns. This is not supported by observations.  
 



Today’s Questions 

2) Why are some climate models biased in representing 
this feedback?  And, what are the implications for climate 
sensitivity? 
 
The shortwave cloud-radiative effect response to the 
recent poleward jet shift in the Southern Hemisphere is 
likely overestimated by the CMIP5 multi-model mean.  
This is due to the overdependence of model cloud-
radiative effects on vertical velocity. 
 
This effect was strongly correlated with the spread in 
climate sensitivity in older CMIP models. 
 
 



Questions?? 
Grise, K. M., L. M. Polvani, G. Tselioudis, Y. Wu, and M. D. Zelinka, 2013: The 

 ozone hole indirect effect: Cloud-radiative anomalies accompanying 
 the poleward shift of the eddy-driven jet in the Southern Hemisphere. 
 Geophys. Res. Lett., 40, 3688–3692. 

  
Grise, K. M., and L. M. Polvani, 2014: Southern Hemisphere cloud-dynamics  

 biases in CMIP5 models and their implications for climate projections.  
 J. Climate, 27, 6074–6092. 

 
Grise, K. M., L. M. Polvani, and J. T. Fasullo, 2015: Re-examining the  

 relationship between climate sensitivity and the Southern Hemisphere 
 radiation budget in CMIP models.  J. Climate, 28, 9298-9312. 

 
Grise, K. M., and B. Medeiros, 2016: Understanding the varied influence of the  

 mid-latitude jet on clouds and cloud-radiative effects in observations 
 and global climate models.  J. Climate, submitted.   
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In response to increasing 
greenhouse gases, many climate 
models project similarly signed 
changes in lower tropospheric 

stability and vertical velocity over 
mid-latitude oceans. 

We might expect a significant 
discrepancy in cloud feedbacks 

between type I and type II models 
in these regions. 

 

Response to 4xCO2 Forcing (CMIP5 Multi-Model Mean) 
W/m2 

Pa s-1 

K 



Mid-Latitude Jet Shifts: 20th Century 
•  Over the late 20th century, the Southern Hemisphere mid-

latitude jet has shifted poleward during the summer (DJF) 
season. 

•  Global climate models indicate that this shift was due, in 
large part, to the development of the Antarctic ozone hole. 
(Gillett and Thompson 2003; Polvani et al. 2011) 
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Mid-Latitude Jet Shifts: 21st Century 

The projected response of the 
Northern Hemisphere mid-
latitude jets to increasing 

greenhouse gases is NOT a 
simple poleward shift.              

(Simpson et al. 2014; Grise and Polvani 2014, 
GRL) 
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CAM3 Ozone Forcing 

Polvani et al. (2011) 

SPARC Ozone Dataset (Cionni et al. 2011) 



Are jet shifts associated with a cloud feedback? 
Method 1:  Model Experiments (Grise et al. 2013, GRL) 
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Longwave Cloud Radiative Effect Anomalies for 1° Poleward Jet Shift 
(1) bcc−csm1−1 (2) bcc−csm1−1−m (3) CanESM2 (4) CCSM4 (5) CNRM−CM5

(6) IPSL−CM5A−LR (7) MIROC−ESM (8) MPI−ESM−LR (9) MPI−ESM−P (10) NorESM1−M

(11) ACCESS1−0 (12) CSIRO−Mk3−6−0 (13) GFDL−CM3 (14) GFDL−ESM2G (15) GFDL−ESM2M

(16) HadGEM2−ES (17) inmcm4 (18) IPSL−CM5B−LR (19) MIROC5 (20) MRI−CGCM3
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Why do the models behave so differently? 
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c

•  Type I models: Bright, zonally symmetric Southern Ocean clouds 

•  Type II models: Less bright, more zonally asymmetric clouds 

Shortwave Cloud-Radiative Effect Climatology 

Cloud Fraction Climatology 

Grise and Polvani (2014) 



CMIP5 CRE Zonal Mean Climatology 
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Estimated Inversion Strength (EIS) 

•  EIS = θ700 hPa – θsfc - Γmoist (850 hPa) (z700hPa – zLCL) 

Wood and Bretherton (2006) 

pling of a stratocumulus cloud layer with its surface
moisture supply (Bretherton and Wyant 1997; Wyant et
al. 1997).

The predictive success of LTS, which is a bulk mea-
sure of inversion strength, suggests that a more refined
measure of inversion strength might be even more skill-
ful. In this study we propose such a refinement of LTS,
the estimated inversion strength (EIS), which we argue
is an even better predictor of the planetary boundary
layer (PBL) inversion strength and low cloud cover,
especially under global climate changes. We test this
refinement using rawinsonde profiles, reanalysis data,
and surface observer cloud reports.

2. Relationship between lower-tropospheric
stability and inversion strength

Figure 1 shows an idealized temperature profile for
the lower troposphere (p ! 700 hPa) typical of periods
of moderate tropospheric subsidence conducive to the
formation of extensive low clouds. Turbulence primar-
ily driven by strong PBL radiative cooling and cold
advection results in a PBL that is capped by an inver-
sion (often referred to as the trade inversion) at a
height zi with a strength "# in the range of 1–10 K.
Although the real structure in the PBL, inversion, and
just above the inversion is more complex than shown in
Fig. 1, this figure still provides a useful basis for relating
LTS to inversion strength.

The PBL may be vertically well mixed (e.g., noctur-
nal coastal stratocumulus) or decoupled into multiple
turbulent layers (e.g., trade cumulus). Two-layer bulk
models have been proposed that can treat both PBL
types reasonably accurately (e.g., Albrecht et al. 1979;
Betts and Ridgway 1988; Park et al. 2004). These break
the PBL into a surface mixed layer (SML), which is a
well-mixed layer that extends from the surface to the
surface-based lifting condensation level (LCL), and a
decoupled layer (DL) that extends from the LCL to the
PBL top in which the potential temperature increases
approximately linearly with height at some rate $DL.
Above the PBL exists a free-tropospheric layer with a
potential temperature that increases approximately lin-
early with height with a gradient $FT. Using this simple
structure, we can relate "# to the potential temperature
#700 at 700 hPa, the height of the p % 700 hPa surface
z700, the potential temperature at the surface #0, and the
PBL depth zi as follows:

!" % &"700 ' "0( ' #FT&z700 ' zi( ' #DL&zi ' LCL(.

&1(

The first term on the rhs in the parentheses is the
LTS as defined above, and so Eq. (1) expresses math-
ematically the basis for LTS being a measure of the
inversion strength. Indeed, "# would be perfectly cor-
related with LTS provided that the other terms involv-
ing the free-tropospheric and decoupled layer # gradi-
ents remained constant. However, as we shall show,
these terms actually vary quite systematically with #0.
This destroys the unique relationship between "# and
LTS. It also suggests our next task, which is to find
simple estimates of the free-tropospheric and de-
coupled layer # gradients.

a. Free-tropospheric lapse rate

First, we note that in the free troposphere, the ob-
served temperature profile is typically close to a moist
adiabat. The tropical atmosphere, with its weak Corio-
lis force, cannot support strong horizontal gradients in
temperature (Sobel et al. 2001), so the free-tropo-
spheric temperature profile in regions of subsidence in
the Tropics is set by the regions of active deep convec-
tion, where the profile is close to being moist adiabatic
(Stone and Carlson 1979). Even in the midlatitudes, the
free-tropospheric thermal stratification remains quite
close to a moist adiabat, although the reasons for this
are somewhat more subtle and involve horizontal, as
well as vertical, mixing (Schneider 2007).

Evidence that the free-tropospheric profiles are
closely tied to the moist adiabat is presented in Fig. 2,
which shows $FT % d#/dz between 700 and 850 hPa as

FIG. 1. Idealized profile (thick solid line) of lower-tropospheric
structure during periods of undisturbed flow. Moist adiabats are
shown as light dotted lines.
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Implications for Climate Change 
Idealized Experiment: Abrupt Quadrupling of CO2 

1)  Jet shifts rapidly poleward in both classes of CMIP5 models. 
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Implications for Climate Change 
Idealized Experiment: Abrupt Quadrupling of CO2 

1)  Jet shifts rapidly poleward in both classes of CMIP5 models. 

2)  Rapid reduction in reflection of shortwave radiation by clouds in Type 
I models only 
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Implications for Climate Change 
Idealized Experiment: Abrupt Quadrupling of CO2 

1)  Jet shifts rapidly poleward in both classes of CMIP5 models. 

2)  Rapid reduction in reflection of shortwave radiation by clouds in Type 
I models only 

3)  Excess initial warming in SH in Type I models 
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Implications for Climate Change 
Idealized Experiment: Abrupt Quadrupling of CO2 
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significantly larger in the type I models. 
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What about the Northern Hemisphere? 
Li et al. (2014) 

•  Longwave cloud-radiative effect of 
Northern Annular Mode (NAM) is 
similar in structure to that found 
in SH. 

•  Shortwave cloud-radiative effect is 
weak during winter season. 



What about the Northern Hemisphere? 
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What about the Northern Hemisphere? 



Relationship between climate sensitivity and present-day Southern 
Hemisphere radiation biases in CMIP3 models is not just about mid-latitudes! 

Trenberth and Fasullo (2010) 
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Southern Ocean: More present-day 
clouds, higher climate sensitivity 

(Trenberth and Fasullo 2010)  

SH Subtropics: Brighter present-day 
clouds, higher climate sensitivity 

 

 
Present-Day Cloud Albedo

−0.9

−0.6

−0.3

0

0.3

0.6

0.9

 

 
Present-Day Total Cloud Fraction

−0.9

−0.6

−0.3

0

0.3

0.6

0.9

 Correlations with Equilibrium Climate Sensitivity

 

 
2xCO2: ΔTotal Cloud Fraction

−0.9

−0.6

−0.3

0

0.3

0.6

0.9

Understanding the CMIP3 Correlations 

Increased CO2: Greater dissipation of 
subtropical clouds, higher climate 

sensitivity (Soden and Vecchi 2011) 



Subtropical correlations remain robust in CMIP5 models. 

Southern Ocean (and thus hemispheric mean) correlations do not. 
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Subsetting CMIP Models by Subtropical Biases 
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Relationship between climate sensitivity and present-day SH net radiation 
biases is unique to models with large present-day biases in the subtropics. 



Subtropical correlations occur in both subsets of models. 

Southern Ocean correlations only occur in models with large present-day 
biases in the subtropics.  
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